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GAS TURBINE ENGINE COMPONENT
HAVING VASCULAR ENGINEERED
LATTICE STRUCTURE

BACKGROUND

This disclosure relates to a gas turbine engine, and more
particularly to a gas turbine engine component having a
vascular engineered lattice structure.

Gas turbine engines typically mnclude a compressor sec-
tion, a combustor section and a turbine section. In general,
during operation, air 1s pressurized in the compressor section
and 1s mixed with fuel and burned in the combustor section
to generate hot combustion gases. The hot combustion gases
flow through the turbine section, which extracts energy from
the hot combustion gases to power the compressor section
and other gas turbine engine loads.

Due to exposure to hot combustion gases, numerous
components of a gas turbine engine may include cooling
schemes that circulate airtlow to cool the component during
engine operation. Thermal energy 1s transferred from the
component to the airflow as the airflow circulates through
the cooling scheme to cool the component. Known cooling
schemes may be mnethcient and lack structural integrity.

SUMMARY

In one exemplary embodiment a tlowpath component for
a gas turbine engine includes a first platform including a
vascular engineered lattice structure, a body extending from.,
and supported by the first platform. The body being config-
ured to at least partially span a flowpath 1n an installed
position and the vascular engineered lattice structure includ-
ing at least one purge air inlet, and at least one spent air
outlet.

In another exemplary embodiment of the above described
flowpath component for a gas turbine engine the at least one
purge air inlet 1s an opening on a radially mmward facing
surface of the platform.

In another exemplary embodiment of any of the above
described flowpath components for a gas turbine engine the
radially immward facing surface of the platform at least
partially defines a neck cavity.

In another exemplary embodiment of any of the above
described tlowpath components for a gas turbine engine the
at least one spent air outlet includes at least one opening on
a mating surface of the platiorm.

In another exemplary embodiment of any of the above
described tlowpath components for a gas turbine engine the
mating surface 1s configured to face a mating surface of an
adjacent platform in an installed configuration.

In another exemplary embodiment of any of the above
described flowpath components for a gas turbine engine the
at least one spent air outlet includes at least one opening on
a gas path surface of the platform.

In another exemplary embodiment of any of the above
described tlowpath components for a gas turbine engine the
at least one spent air outlet includes at least one opening on
a mating surface of the platform.

In another exemplary embodiment of any of the above
described tlowpath components for a gas turbine engine the
gas path surface 1s a radially outward facing surface of the
platform.

In another exemplary embodiment of any of the above
described tlowpath components for a gas turbine engine the
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2

purge air inlet 1s configured to admit air sourced 1n a cavity
circumierentially adjacent a neck of the tlowpath compo-
nent.

In another exemplary embodiment of any of the above
described tlowpath components for a gas turbine engine the
body 1s supported between the first platform and a second
platform, the second platform being spaced radially apart
from the first platform, relative to an installed orientation of
the flowpath component.

In another exemplary embodiment of any of the above
described flowpath components for a gas turbine engine
cach of the first platform and the second platform include a
vascular engineered lattice structure.

In another exemplary embodiment of any of the above
described flowpath components for a gas turbine engine the
vascular engineered lattice structures are connected as a
single vascular engineering lattice structure.

In another exemplary embodiment of any of the above
described flowpath components for a gas turbine engine
cach of the vascular engineered lattice structures 1s 1nde-
pendent of each other of the vascular engineered lattice
structures.

In one exemplary embodiment a cooling system for a gas
turbine engine includes a tlowpath component having a first
platform including a vascular engineered lattice structure
and a body extending radially from the platform, the body at
least partially spanming a tlowpath and a purge air source
adjacent a root of the flowpath component and fluidly
connected to the vascular engineered lattice structure.

In another exemplary embodiment of the above described
cooling system for a gas turbine engine the first platform
further includes a radially inward facing surface at least
partially defining a neck cavity, the radially inward facing
surface further imncluding at least one inlet to the vascular
engineered lattice structure.

In another exemplary embodiment of any of the above
described cooling systems for a gas turbine engine the first
platform further includes a radially outward facing surface
having a plurality of exit holes fluidly connecting the
vascular engineered lattice structure to a primary flowpath.

In another exemplary embodiment of any of the above
described cooling systems for a gas turbine engine the exit
holes are positioned on an aft half of the radially outward
facing surtace.

In another exemplary embodiment of any of the above
described cooling systems for a gas turbine engine the first
platform further includes a radially outward facing mating
surface, and wheremn the radially outward facing mating
surface includes at least one exit hole fluidly connecting the
vascular engineered lattice structure to a primary flowpath.

In another exemplary embodiment of any of the above
described cooling systems for a gas turbine engine the first
platform further includes a radially outward facing surface
having a second plurality of exit holes fluidly connecting the
vascular engineered lattice structure to a primary flowpath.

An exemplary method of cooling a plattorm within a gas
turbine engine includes supporting at least one flowpath
component via a first platform, passing cooling air through
a vascular engineered lattice structure within the platform,
thereby cooling at least one external surface of the platform,
and expelling air from the vascular engineered lattice struc-
ture ito a primary flowpath of the gas turbine engine.

The various features and advantages of this disclosure
will become apparent to those skilled 1in the art from the
following detailed description. The drawings that accom-
pany the detailed description can be briefly described as
follows.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a schematic, cross-sectional view of a
gas turbine engine.

FIG. 2 schematically illustrates a radially inward facing
view ol a flowpath component from a radially outward
position.

FIG. 3 schematically illustrates a side view of a flowpath
component 1n an installed configuration within an exemplary
gas turbine engine.

FIG. 4 A schematically illustrates an 1sometric view of the
flowpath component of FIG. 3.

FIG. 4B schematically illustrates another 1sometric view
of the flowpath component of FIG. 3.

FIG. 5 schematically illustrates an aft facing view of a
partial section ol a gas turbine engine from a forward
position.

FIG. 6 shows one exemplary vascular engineered lattice
structure of a gas turbine engine component.

FI1G. 7 1llustrates another view of the vascular engineered
lattice structure of FIG. 6.

FIG. 8 illustrates another exemplary vascular engineered
lattice structure.

FIG. 9 illustrates another view of the vascular engineered
lattice structure of FIG. 8.

FIG. 10 1llustrates another vascular engineered lattice
structure embodiment having a co-flow design.

FIG. 11 illustrates another embodiment of a vascular
engineered lattice structure embodying a counter-flow
design.

FIG. 12 illustrates yet another exemplary vascular engi-
neered lattice structure.

DETAILED DESCRIPTION

FIG. 1 schematically illustrates a gas turbine engine 20.
The exemplary gas turbine engine 20 1s a two-spool turbofan
engine that generally imncorporates a fan section 22, a com-
pressor section 24, a combustor section 26 and a turbine
section 28. Alternative engines might include an augmenter
section (not shown) among other systems for features. The
fan section 22 drives air along a bypass tlow path B, while
the compressor section 24 drives air along a core tlow path
C for compression and communication mnto the combustor
section 26. The hot combustion gases generated in the
combustor section 26 are expanded through the turbine
section 28. Although depicted as a turbofan gas turbine
engine in the disclosed non-limiting embodiment, 1t should
be understood that the concepts described herein are not
limited to turbofan engines and these teachings could extend
to other types of engines, including but not limited to,
three-spool engine architectures.

The gas turbine engine 20 generally includes a low speed
spool 30 and a high speed spool 32 mounted for rotation
about an engine centerline longitudinal axis A. The low
speed spool 30 and the high speed spool 32 may be mounted
relative to an engine static structure 33 via several bearing
systems 31. It should be understood that other bearing
systems 31 may alternatively or additionally be provided.

The low speed spool 30 generally includes an 1nner shaft
34 that interconnects a fan 36, a low pressure compressor 38
and a low pressure turbine 39. The mner shait 34 can be
connected to the fan 36 through a geared architecture 45 to
drive the fan 36 at a lower speed than the low speed spool
30. The high speed spool 32 includes an outer shaft 35 that
interconnects a high pressure compressor 37 and a high
pressure turbine 40. In this embodiment, the mnner shait 34
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4

and the outer shaft 35 are supported at various axial loca-
tions by bearing systems 31 positioned within the engine
static structure 33.

A combustor 42 1s arranged between the high pressure
compressor 37 and the high pressure turbine 40. A mid-
turbine frame 44 may be arranged generally between the
high pressure turbine 40 and the low pressure turbine 39.
The mid-turbine frame 44 can support one or more bearing
systems 31 of the turbine section 28. The mid-turbine frame
44 may include one or more airfoils 46 that extend within the
core flow path C.

The 1mner shaft 34 and the outer shaft 35 are concentric
and rotate via the bearing systems 31 about the engine
centerline longitudinal axis A, which 1s co-linear with their
longitudinal axes. The core airflow 1s compressed by the low
pressure compressor 38 and the high pressure compressor
37, 1s mixed with fuel and burned 1in the combustor 42, and
1s then expanded over the high pressure turbine 40 and the
low pressure turbine 39. The high pressure turbine 40 and
the low pressure turbine 39 rotationally drive the respective
high speed spool 32 and the low speed spool 30 in response
to the expansion.

The pressure ratio of the low pressure turbine 39 can be
pressure measured prior to the inlet of the low pressure
turbine 39 as related to the pressure at the outlet of the low
pressure turbine 39 and prior to an exhaust nozzle of the gas
turbine engine 20. In one non-limiting embodiment, the
bypass ratio of the gas turbine engine 20 1s greater than
about ten (10:1), the fan diameter 1s significantly larger than
that of the low pressure compressor 38, and the low pressure
turbine 39 has a pressure ratio that 1s greater than about five
(3:1). It should be understood, however, that the above
parameters are only exemplary of one embodiment of a
geared architecture engine and that the present disclosure 1s
applicable to other gas turbine engines, including direct
drive turbofans.

In this embodiment of the exemplary gas turbine engine
20, a significant amount of thrust 1s provided by the bypass
flow path B due to the high bypass ratio. The fan section 22
of the gas turbine engine 20 1s designed for a particular flight
condition—typically cruise at about 0.8 Mach and about
35,000 feet. This flight condition, with the gas turbine
engine 20 at its best fuel consumption, 1s also known as
bucket cruise Thrust Specific Fuel Consumption (TSFC).
TSFC 1s an industry standard parameter of fuel consumption
per unit of thrust.

Fan Pressure Ratio 1s the pressure ratio across a blade of
the fan section 22 without the use of a Fan Exit Guide Vane
system. The low Fan Pressure Ratio according to one
non-limiting embodiment of the example gas turbine engine
20 1s less than 1.45. Low Corrected Fan Tip Speed i1s the
actual fan tip speed divided by an industry standard tem-
perature correction of [(Tram © R)/(518.7° R)]”~. The Low
Corrected Fan Tip Speed according to one non-limiting
embodiment of the example gas turbine engine 20 1s less
than about 1150 tps (351 m/s).

Each of the compressor section 24 and the turbine section
28 may include alternating rows of rotor assemblies and
vane assemblies (shown schematically) that carry airfoils
that extend 1nto the core flow path C. For example, the rotor
assemblies can carry a plurality of rotating blades 25, while
cach vane assembly can carry a plurality of vanes 27 that
extend into the core flow path C. The blades 25 create or
extract energy (in the form of pressure) from the core airtlow
that 1s communicated through the gas turbine engine 20
along the core tlow path C. The vanes 27 direct the core
airflow to the blades 25 to either add or extract energy.
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Various components of the gas turbine engine 20, includ-
ing but not limited to the airfoils of the blades 25 and of the
vanes 27 1n the compressor section 24 and the turbine
section 28, may be subjected to repetitive thermal cycling
under widely ranging temperatures and pressures. The hard-
ware ol the turbine section 28 1s particularly subjected to
relatively extreme operating conditions. Therefore, some
components may require internal cooling schemes for cool-
ing the parts during engine operation.

Among other features, this disclosure relates to gas tur-
bine engine component cooling schemes that include vas-
cular engineered lattice structures inside platforms support-
ing tlowpath bodies 1n the primary flowpath. The exemplary
structures described herein provide effective localized con-
vective cooling for tlowpath component platiorms that may
be subject to the hot combustion gases that are communi-
cated through the core tlow path C.

FIG. 2 illustrates an example component 30 that can be
incorporated mto a gas turbine engine, such as the gas
turbine engine 20 of FIG. 1. The component 50 includes a
body portion 52 that axially extends between a leading edge
portion 54 and a trailing edge portion 56. The body portion
52 also extends radially outward from a platform 51. The
body portion 52 may further include a first (pressure) side
wall 58 and a second (suction) side wall 60 that are spaced
apart from one another and axially extend between the
leading edge portion 34 and the trailing edge portion 56.
Although shown 1n cross-section, the body portion 52 would
also extend radially across a span.

In this embodiment, the body portion 52 1s representative
of an airfoil. For example, the body portion 52 could be an
airfo1l that extends from the platform 31 and root portions
(1.e., when the component 1s a blade), or could alternatively
extend between 1mnner and outer platforms 51 (i.e., when the
component 30 1s a vane). In yet another embodiment, the
component 30 could include a non-airfoil component body
spanmng, or partially spanning, the flowpath and supported
by one or more platforms 31.

A cooling scheme 64 may be disposed inside of the
plattorm 351 for cooling the internal and external surface
areas of the platform 351. The exemplary cooling scheme 64
may include one or more vascular engineered lattice struc-
tures 80 that are disposed inside portions of the platform 51
of the component 50. Of course, the component 50 could
include greater or fewer vascular engineered lattice struc-
tures than are shown in FIG. 2. Discrete portions of the
component 50 may embody a vascular engineered lattice
structure 80, or the entire component 30 can be constructed
of a vascular engineered lattice structure. Multiple non-

limiting embodiments of such vascular engineered lattice
structures are described in detail below with regards to
FIGS. 6-12.

With continued reference to FIGS. 1 and 2, FIG. 3
schematically illustrates a side view of a rotor blade 210 1n
an installed configuration within an exemplary gas turbine
engine, such as the gas turbine engine 20 of FIG. 1. In the
illustration of FIG. 3, the rotor blade 210 1s a rotor blade
including a flowpath body 212 protruding radially outward
into the primary tlowpath, and a platform 214 supporting the
flowpath body 212. The platiform 214 1s connected to a rotor
disk 220 via a fir tree mterface 222 at a root 216 of the rotor
blade 210. The root 216 1s connected to the platform 214 via
a neck 218 that extends radially outward from the fir tree
interface 222. In alternative examples, different interface
styles may be used, 1n place of the fir tree interface 222, to

connect the blade 210 to the rotor disk 220.
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Forward of the rotor disk 220 1s a vane 240. The vane 240

includes a flowpath body 242 supported by a radially inward
platform 244 and a radially outward platform 246. Each of
the platforms 240 1s connected to a corresponding gas
turbine engine static structure.

A cooling cavity 250 1s disposed radially imnward of the
primary tlowpath. Air from the cooling cavity 250 is pro-
vided to internal cooling passages 211 of the rotor blade 210
using any known cooling system. The internal cooling
passages 211 provide direct cooling to the rotor blade 212.
In alternative examples, alternative cooling systems may be
utilized.

A seal 260 seals the cavity 250, and prevents hot tlow
from the primary flowpath from entering the cooling cavity
250. In order to ensure that no hot gasses flow from the
primary flowpath into the cooling cavity 250 through the
seal 260, cooling air 1s allowed to leak outward through the
seal 260, along an air leakage pathway 262. In some
examples, the air passing along the air leakage pathway 262
1s referred to as purge air.

The air leakage pathway 262 enters a neck cavity 264
positioned between the platform 214 and the fir tree con-
nection 222 on the rotor disk 220. The air leakage pathway
262 also passes through a gap 266 between the rotor blade
210 and the vane 240. In a conventional example, all of the
purge air passes through the gap 266 and into the flowpath
along the air leakage pathway 262.

In the illustrated example, the platform 214 includes a
vascular engineered lattice structure 270 within the platform
214. The vascular engineered lattice structure 270 can be
any vascular engineered lattice structure constructed accord-
ing to the disclosure below, with regards to FIGS. 6-12.
Purge air 1s allowed to enter the platform, from the neck
cavity 264, via one or more inlets 272 disposed on a radially
inward facing surface of the platform 214. The purge air
passes through or around the vascular engineered lattice
structure 270 within the platform 214, and provides cooling
to the platform 214. The purge air exits the platform 214 at
one or more exit holes 274, alternately referred to as spent
air outlets. In some examples, the exit holes 274 are posi-
tioned on a mating face 213 of the platform 214. In alter-
native examples, the exit holes 274 are positioned on a
radially outward facing surface of the platiorm 214. In yet
further alternative examples, the exit holes 274 can be
positioned on both the mating face 213 and the radially
outward facing surface.

In this way, the vascular engineered lattice structure 270
provides an alternative leakage path while simultaneously
allowing for cooling the platform 214 using air that 1s not
directly source from a compressor bleed.

With continued reference to FIG. 3, FIGS. 4A and 4B
schematically illustrate 1sometric views of the rotor blade
210 1solated from the context of the gas turbine engine 20.
As described above, the rotor blade 210 includes a flowpath
body 212, a platiorm 214, a neck portion 218, and a fir tree
connection feature 217. A cross sectional plane 202 passes
through the rotor blade 210, and provides the viewing
reference for FIG. 5. The flowpath body 212 includes a
leading edge 310 and a trailing edge 320, with two surfaces
330 extending between the leading edge 310 and the trailing
edge 320. The platform 214 includes a circumierentially
facing surface 340 referred to as a mating face. The circum-
terentially facing surface 340 faces a corresponding circum-
terentially adjacent surface on a rotor blade 210 adjacent to
the illustrated rotor blade 210, while the rotor blade 210 1s

in an 1nstalled position.
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Positioned on the circumierentially facing surtace 340 are
multiple exit holes 342. Positioned on the ait end of the
platform 214 are multiple exit holes 344. The exit holes 342,
344 allow purge air that has passed through the vascular
engineered lattice structure 270 to exit the platform 214 into 5
the flowpath. One or more openings 272 (ludden in FIG. 4A)
are mcluded and allow the communication of purge air from
the neck cavity 264 (illustrated in FIG. 3) ito the vascular
engineered lattice structure 270 within the platform 214. In
the 1llustrated example, the openings 272 are positioned ata 10
torward portion of the platiorm 214. In alternative examples,
the openings 272 can be positioned elsewhere on the plat-
form 214, or distributed about the radially imnward facing
surface of the platform 214.

With continued reference to FIGS. 2-4B, FIG. 5 sche- 15
matically illustrates a cross section of an example blade 210
cut along the viewing plane 202, and 1n an installed position.
Each rotor blade 210 1s connected to a rotor disk 220 via the
fir tree 1nterface 222. Purge air passes through the seal 260
(1llustrated in FI1G. 3) along an air leakage pathway 262 into 20
the neck cavity 264. Once 1n the neck cavity 264, a portion
of the air passes through a standard leakage pathway
between the rotor blades 210 into the primary flowpath.
Another portion of the leakage air from the neck cavity
passes through the inlet 272 into the vascular engineered 25
lattice structure 270.

In some examples, the air entering the inlet 272 passes
through internal structures of the vascular engineered lattice
structure 270. In alternative examples, the vascular engi-
neered lattice structure 270 includes hollow members and 30
passages, and the air entering the inlet passes through the
hollow members and passages, thereby providing internal
cooling via the vascular engineered lattice structure. Non-
limiting examples of each above described type of vascular
engineered lattice structures 270 are described below with 35
regards to FIGS. 6-12.

After passing through the vascular engineered lattice
structure 270, the air exits via multiple exit holes as
described above, and enters the flowpath.

While 1llustrated and described above with regards to 40
utilization within a platform supporting a rotor blade, one of
skill in the art having the benefit of this disclosure will
appreciate that the vascular engineered lattice structure
could be 1ncorporated 1n a platform supporting any type of
flowpath component and 1s not limited to a blade. By way of 45
example, the vascular engineered lattice structure could be
incorporated 1n and cool one, or both, of the platforms
supporting a flow correcting vane, a flowpath pass through,
or any other component at least partially spanning the
flowpath. In the example of a vane supported by two 50
platforms, the vascular engineered lattice structure can
extend through the vane and a single vascular engineered
lattice structure can be disposed within both platforms. In
alternative examples of a vane supported by two platiorms,
the vascular engineered lattice structures in each platform 55
can be wholly independent of each other.

FIGS. 6 and 7 illustrate one exemplary vascular engi-
neered lattice structure 80 that can be incorporated into a
component 50. The vascular engineered lattice structure 80
may be incorporated 1into any section or sections of a gas 60
turbine engine component. In this disclosure, the term
“vascular engineered lattice structure” denotes a structure of
known surface and flow areas that includes a specific
structural integrity.

As discussed 1n greater detail below, the vascular engi- 65
neered lattice structure 80 of FIGS. 6 and 7 1s a hollow
vascular structure. The hollow vascular structure shown in
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FIGS. 6 and 7 defines a solid material with discrete, inter-
connected cooling passages that are connected through
common nodes to control the flow of airtflow throughout the
hollow vascular structure.

The specific design and configuration of the vascular
engineered lattice structure 80 of FIG. 6 1s not intended to
limiting. It will be appreciated that because the vascular
engineered lattice structure 80 1s an engineered structure, the
vascular arrangement of these structures can be tailored to
the specific cooling and structural needs of any given gas
turbine engine component. In other words, the vascular
engineered lattice structure 80 can be tailored to match
external heat load and local life requirements by changing
the design and density of the vascular engineered lattice
structure 80. The actual design of any given vascular engi-
neered lattice structure may depend on geometry require-
ments, pressure loss, local cooling flow, cooling air heat
pickup, thermal efliciency, overall cooling effectiveness,
acrodynamic mixing, and produceability considerations,
among other gas turbine engine specific parameters. In one
embodiment, the vascular engineered lattice structure 80 1s
sized based on a mimmimum size that can be eflectively
manufactured and that 1s not susceptible to becoming
plugged by dirt or other debris.

The exemplary vascular engineered lattice structure 80
extends between a first surface 82 and a second surface 84
of the component. The first surface 82 1s spaced from the
second surface 84. The first surface 82 may be exposed to a
gas path 62, whereas the second surface 84 may be remotely
positioned from the gas path 62. For example, the second
surface 84 could face radially inward into a neck cavity. The
vascular engineered lattice structure 80 includes a thickness
T between the first surface 82 and the second surface 84. The
thickness T can be of any dimension.

Airflow 68 filters through the vascular engineered lattice
structure 80 to convectively cool the component 50. In this
disclosure, the term “through” 1s defined to include either
inside of or around the vascular surfaces of the vascular
engineered lattice structure. In one embodiment, the vascu-
lar engineered lattice structure 80 embodies a hollow con-
figuration 1 which the airflow 68 may be circulated 1nside
of the various passages defined by the vascular engineered
lattice structure 80. For example, the hollow configuration of
the vascular engineered lattice structure 80 may establish a
porous flow area for the circulation of airtlow 68. Addition-
ally, airtlow 68 could be communicated over and around the
vascular engineered lattice structure 80.

The vascular engineered lattice structure 80 can be manu-
factured by using a variety of manufacturing techniques. For
example, the vascular engineered lattice structure 80 may be
created using an additive manufacturing process such as
direct metal laser sintering (DMLS). Another additive manu-
facturing process that can be used to manufacture the
vascular engineered lattice structure 80 1s electron beam
melting (EBM). In another embodiment, select laser sinter-
ing (SLS) or select laser melting (SLM) processes may be
utilized.

In yet another embodiment, a casting process can be used
to create the vascular engineered lattice structure 80. For
example, an additive manufacturing process can be used to
produce a refractory metal core (RMC), including but not
limited to a molybdenum core, that can be used to cast the
vascular engineered lattice structure 80. In one embodiment,
the additive manufacturing process includes utilizing a pow-
der bed technology and the casting process includes a lost
Wax process.
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The exemplary vascular engineered lattice structure 80
includes a plurality of nodes 92, a plurality of branches 94
that extend between the nodes 92, and a plurality of hollow
passages 96 between the branches 94 and the nodes 92. The
number, size and distribution of nodes 92, branches 94 and
hollow passages 96 can vary from the specific configuration
shown. In other words, the configuration illustrated by FIG.
7 1s but one possible design.

The branches 94 may extend orthogonally or non-or-
thogonally to the nodes 92. The nodes 92 and branches 94
can be manufactured as a single contiguous structure made
of the same material. In one embodiment, the nodes 92 and
branches 94 are uniformly distributed throughout the vas-
cular engineered lattice structure 80. In another embodi-
ment, the nodes 92 and branches 94 are non-uniformly

distributed throughout the vascular engineered lattice struc-
ture 80.

In this “hollow lattice™ structure configuration, airflow 68
can be circulated inside hollow passages 69 of the nodes 92
and the branches 94 to cool the component 50 1n the space
between the walls 82, 84 (see FIG. 6). For example, the
“hollow™ lattice structure may include multiple continuous
hollow spoke cavity passages 69 thru which airtlow 68 1s
passed. The airflow 68 flows from each of the hollow
branches 94 and coalesces into the nodes 92, which serve as
a plenum for the airtflow 68 to be redistributed to the next set
of hollow branches 94 and nodes 92. The “hollow™ lattice
structure forms multiple circuitous continuous passages in
which the airflow 68 flows to maximize the iternal con-
vective cooling surface area and coolant mixing. Addition-
ally, airtlow 68 could be communicated over and around the
nodes 92 and branches 94 of the vascular engineered lattice
structure 80.

The nodes 92 and the branches 94 additionally act as
structural members that can be tailored to “tune” steady and
unsteady airfoil vibration responses in order to resist and
optimally manage steady and unsteady pressure forces,
centrifugal bending and curling stresses, as well as provide
for improved airfoil local and section average creep and
untwist characteristics and capability. In one embodiment,
one or more of the nodes 92 and branches 94 may include
augmentation features 95 (shown schematically in FIG. 7)
that augment the heat transfer efiect of the airflow 68 as it
1s communicated through the vascular engineered lattice
structure 80. The augmentation features 95 can also be made
using the additive manufacturing processes describe above.

As mentioned above, the vascular arrangement of the
vascular engineered lattice structure 80 can be tailored to the
specific cooling and structural needs of any given gas
turbine engine component. For example, a first portion of the
vascular engineered lattice structure 80 can include a dit-
ferent combination of nodes 92, branches 94 and hollow
passages 96 compared to a second portion of the vascular
engineered lattice structure 80. In one embodiment, a first
portion of the vascular engineered lattice structure 80 may
include a greater amount of cooling area whereas a second
portion of the vascular engineered lattice structure 80 may
provide a greater amount of structural area.

FIGS. 5 and 6 illustrate another exemplary wvascular
engineered lattice structure 180. In this embodiment, the
vascular engineered lattice structure 180 embodies a solid
lattice structure in which airtlow 1s communicated over and
around the solid lattice structure thereby governing tflow and
providing structural support. The vascular engineered lattice
structure 180 1s disposed between a first wall 182 and a
second wall 184 of the component 50.
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The vascular engineered lattice structure 180 includes a
plurality of nodes 192, a plurality of branches 194 that
extend between the nodes 92, and a plurality of open
passages 196 between the branches 194 and the nodes 192.
The nodes 192, branches 194 and open passages 196 can be
manufactured as a single contiguous structure made of the
same material.

In this “solid” lattice structure configuration, airflow 68
can be circulated through the open passages 196 to cool the
component 50 1n the space between the walls 182, 184. In
other words, 1n contrast to the hollow lattice structure

embodiment which communicates airflow through the
insides of the nodes 192 and branches 194, the airflow 68 1s

circulated over and around these parts as part ol a porous
flow area. For example, the “solid” lattice structure includes
multiple continuous solid branches 194 over which airflow
68 1s passed. The “solid” lattice structure forms circuitous
passages for the airflow 68 to traverse around as 1t migrates
through the vascular engineered lattice structure to maxi-
mize the convective cooling surface area and coolant mixing,
around the nodes 192 and the branches 194. The nodes 192
and the branches 194 additionally act as structural members
that resist pressure, rotation forces, and loads.

The exemplary vascular engineered lattice structure 180
establishes a ratio of cooling area to structural area. The
cooling area 1s established by the open passages 196, while
the nodes 192 and branches 194 determine the amount of
structural area. In one embodiment, the amount of cooling
area exceeds the structural area (cooling area>structural
area). In another embodiment, a ratio of the cooling area to
the structural area 1s less than 1 (cooling area<structural
area). In yet another embodiment, a ratio of the cooling area
to the structural area 1s between 1 and 4. Other configura-
tions are also contemplated.

The vascular engineered lattice structures can be config-
ured 1n either a co-flow or counter-flow heat exchanger
design concepts. For example, FIG. 10 depicts a vascular
engineered lattice structure 280 providing a co-tlow design.
In other words, the airflow 68 1s circulated through the
vascular engineered lattice structure 280 1n substantially the
same direction as the gas path 62 flow direction. Although
a hollow configuration 1s depicted, a co-flow design could
also be incorporated into a “solid” configuration.

FIG. 11 illustrates yet another exemplary vascular engi-
neered lattice structure 380 that could be incorporated into
a gas turbine engine component. In this embodiment, the
vascular engineered lattice structure 380 provides a counter-
flow design. In other words, the airflow 68 1s circulated
through the vascular engineered lattice structure 380 1n a
direction that 1s generally opposite to the flow direction of
the gas path 62.

FIG. 12 1llustrates yet another exemplary vascular engi-
neered lattice structure 480 that could be incorporated nto
a gas turbine engine component. In this embodiment, the
vascular engineered lattice structure 480 includes a first
portion 480A that can include a hollow lattice structure and
a second portion 480B that can include a solid lattice
structure. The distribution of interchangeability of the hol-
low and solid lattice structures 1s dependent on design
requirements and other considerations.

The exemplary vascular engineered lattice structures
described 1n this disclosure may be incorporated into any
relatively high heat load gas turbine engine applications
where convective cooling 1s desired. Among other possible
design configurations, the vascular engineered lattice struc-
tures of this disclosure may be implemented as a co-flow or
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counter-flow configurations to more efliciently provide
localized convective cooling to achieve extended compo-
nent operating life.

Although the different non-limiting embodiments are
illustrated as having specific components, the embodiments
of this disclosure are not limited to those particular combi-
nations. It 1s possible to use some of the components or
features from any of the non-limiting embodiments 1n com-
bination with features or components from any of the other
non-limiting embodiments.

It should be understood that like reference numerals
identily corresponding or similar elements throughout the
several drawings. It should also be understood that although
a particular component arrangement 1s disclosed and 1llus-
trated 1n these exemplary embodiments, other arrangements
could also benefit from the teachings of this disclosure.

The foregoing description shall be interpreted as illustra-
tive and not in any limiting sense. A worker of ordinary skaill
in the art would understand that certain modifications could
come within the scope of this disclosure. For these reasons,
the following claims should be studied to determine the true
scope and content of this disclosure.

What 1s claimed 1s:

1. A flowpath component for a gas turbine engine com-
prising:

a first platform including a vascular engineered lattice

structure;

a body extending from, and supported by, the first plat-
form;

the body being configured to at least partially span a
flowpath 1n an 1nstalled position;

the vascular engineered lattice structure including at least
one purge air inlet, and at least one spent air outlet; and

wherein the at least one spent air outlet includes at least
one opening on a mating surface of said platiform.

2. The flowpath component of claam 1, wherein the at
least one purge air ilet 1s an opeming on a radially inward
facing surface of said platform.

3. The flowpath component of claim 2, wherein the
radially inward facing surface of said platform at least
partially defines a neck cavity.

4. The flowpath component of claim 1, wherein the
mating surface 1s configured to face a mating surface of an
adjacent platform 1n an installed configuration.

5. The flowpath component of claam 1, wherein the at
least one spent air outlet includes at least one opening on a
gas path surface of the platform.

6. The flowpath component of claim 5, wherein the gas
path surface 1s a radially outward facing surface of the
platform.

7. The flowpath component of claim 1, wherein the purge
air 1nlet 1s configured to admit air sourced 1n a cavity
circumierentially adjacent a neck of said tlowpath compo-
nent.

8. A cooling system for a gas turbine engine comprising:

a flowpath component having a first platform including a
vascular engineered lattice structure and a body extend-
ing radially from said platform, the body at least
partially spanning a flowpath;

a purge air source adjacent a root of said flowpath
component and fluidly connected to the vascular engi-
neered lattice structure; and

wherein the first platform further includes a circumieren-
tially facing mating surface, and wherein the circum-
ferentially facing mating surface includes at least one
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exit hole fluidly connecting the vascular engineered
lattice structure to a primary flowpath.

9. The cooling system of claim 8, wherein the first
platiorm further includes a radially inward facing surface at
least partially defining a neck cavity, the radially inward
facing surface further including at least one inlet to said
vascular engineered lattice structure.

10. The cooling system of claim 8, wherein the first
platform further includes a radially outward facing surface
having a plurality of exit holes fluidly connecting the
vascular engineered lattice structure to a primary flowpath.

11. The cooling system of claim 10, wherein the exit holes
are positioned on an aft half of said radially outward facing
surface.

12. The cooling system of, wherein the first platform
further includes a radially outward facing surface having a
second plurality of exit holes fluidly connecting the vascular
engineered lattice structure to primary tflowpath.

13. A method of cooling a platform within a gas turbine
engine comprising;:

supporting at least one tlowpath component via a first

platform;

passing cooling air through a vascular engineered lattice

structure within said platform, thereby cooling at least
one external surface of said platform;

expelling air from said vascular engineered lattice struc-

ture mto a primary flowpath of the gas turbine engine;
and

wherein said step of expelling includes expelling said air

from at least one opening on a mating surface of said
first platform.

14. The method of claim 13, wherein said mating surface
1s configured to face a mating surface of an adjacent plat-
form 1n an installed configuration.

15. A flowpath for a gas turbine engine comprising:

a first platform including a vascular engineered lattice

structure;

a body extending from, and supported by, the first plat-

form;

the body being configured to at least partially span a

flowpath 1n an 1nstalled position;
the vascular engineered lattice structure including at least
one purge air inlet, and at least one spent air outlet; and

wherein a lattice cavity 1s defined between internal sur-
faces of said first platform and external surfaces of said
vascular engineered lattice structure, and said vascular
engineered lattice structure 1s defined by a plurality of
nodes and a plurality of branches each extending from
at least one of said plurality of nodes, with at least some
nodes of said plurality of nodes spaced apart from said
internal surfaces.

16. The tlowpath component of claim 135, wherein said
vascular engineered lattice structure is a hollow vascular
structure 1 which respective internal passages are defined
within each node of said plurality of nodes and within each
branch of said plurality of branches for communicating
fluid, said internal passages being distinct from said lattice
cavity.

17. The flowpath component of claim 15, wherein said
vascular engineered lattice structure 1s a solid vascular
structure 1 which fluid 1s communicated 1n said lattice
cavity over and around said plurality of nodes and said
plurality of branches.
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